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ABSTRACT
Based on stellar population models without (SSP) and with (BSP) binary interactions, we in-
vestigate the effects of binary interactions on parameter determinations for early-type galaxies
(ETGs). We present photometric redshift (photo-z), age and spectral type for photometric data
sample by fitting observed magnitudes with the SSP and BSP models. Our results show that
binary interactions have no effect on photo-z estimation. Once we neglect binary interactions,
the age of ETGs will be underestimated, by contrast, the effects on the age estimations can
be negligible for other type of galaxies. For ETG sample, we derive their properties by fit-
ting their spectra with the SSP and BSP models. When comparing these galaxy properties,
we find no variation of the overall metallicities for ETGs among the SSP and BSP models.
Moreover, the inclusion of binary interactions can affect age estimations. Our results show
that the BSP-fitted ages in ∼ 33.3% of ETG sample are around 0.5− 1.0Gyr larger than the
SSP-fitted ages; ∼ 44.2% are only 0.1 − 0.5Gyr larger; the rest ∼ 22.5% are approximately
equal. By comparisons, we find the difference of the star formation rate between the SSP and
BSP models is large at the late evolution stage.
Key words: binaries: general – galaxies: fundamental parameters – galaxies: stellar content
1 INTRODUCTION
Early-type galaxies (ETGs), which comprise elliptical and lentic-
ular (S0) galaxies, are the oldest class of galaxy. And their stel-
lar populations formed at early time (Trager et al. 2000; Temi
et al. 2005; De Lucia et al. 2006) and passively evolved to
their present styles. The phenomenon of far-ultraviolet (FUV) ex-
cess in ETGs became surprising since its first discovery by the
Orbitting Astronomical Observatory−2 in 1969 (Code et al.
1972; Burstein et al. 1988). The flux in the spectral energy distri-
butions (SEDs) of ETGs increases with a decreasing wavelength
in the range from 2000 to 1200A˚. This behavior is known as UV
upturn, UV rising-branch, or UVX (see O’Connell 1999, for a re-
view). And some recent studies show evidence that ETGs have
some current events of minor star formation (Kaviraj et al. 2007;
Schawinski et al. 2007; Salim et al. 2012; Barway et al. 2013),
which contribute the FUV spectra.
The favored origin of the UV-upturn is extreme horizontal
branch (EHB) stars and their descendants, either metal poor (Lee
1994; Park & Lee 1997) or metal rich (Bressan et al. 1994; Yi et al.
1997). And the detection of EHB stars in the dwarf elliptical galaxy
M32 provide direct evidence for the EHB origin of the UV-upturn.
Meanwhile, binary evolution can also reproduce EHB stars (Han
et al. 2002, 2003). Han et al. (2007) have used three possible bi-
? E-mail: zhy@xao.ac.cn
nary evolution channels for EHB stars to explain the UV-upturn in
ETGs, with limited dependence on age and metallicity. Herna´ndez-
Pe´rez & Bruzual (2014) also used the stellar population model with
binary stars to study the UV-upturn of ETGs, and found that the
UV-upturn was very sensitive to the fraction of binary stars.
Binary stars are very common in galaxies, and the evolution of
binary stars is different from that of single stars. Meanwhile, obser-
vations also show that binary stars are common in nearby star clus-
ters and galaxies (Abt 1983; Carney et al. 2005; Sollima et al. 2007;
Raghavan et al. 2010; Minor 2013). Brinchmann (2010) also indi-
cated that the importance of binary stars was one of six important
challenges in stellar population studies in the next decades. How-
ever, only few works had done for studying the influence of binary
evolution on stellar population properties. Zhang et al. (2004, 2005)
have shown that the UV passbands could be about 2.0 − 3.0 mag
enhanced once binary interactions have been taken into account.
Therefore, ignoring the binary interactions in evolution population
synthesis (EPS) models can underestimate the UV flux and affect
the property determinations for stellar population systems (Zhang
et al. 2012a,b, 2013)
While the importance of binary evolution has been shown, de-
tailed studies of the effects of binary stars on property determina-
tions of ETGs are not enough. Therefore, we investigate the effects
of binary interactions on parameter determinations for ETGs based
on the EPS models with and without binary interactions. At the
first step, we use a standard SED fitting procedure to fit the SED
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of nearby galaxy photometric data sample based on the EPS mod-
els with and without binary interactions and determine their photo-
metric redshifts (photo-z), ages and spectral types. We also study
the effects of binary interactions on the estimations of photometric
redshift and age. In order to study the effects of binary interactions
on the property determinations of ETGs, we use the full spectrum-
fitting technique based on the EPS models with and without binary
interactions to fitting the spectra of ETGs sample. Our main aim
is to investigate the effects of binary interactions on the property
determinations for ETGs.
The paper is organized as follows. In Section 2, we describe
the galaxy sample used in this study. The method and models are
given in Section 3. The analysis of the effects of binary interactions
follow in Sections 4 and 5. We show the summary and conclusion
in Section 6.
2 GALAXY SAMPLE
At first, in order to investigate the effects of binary interactions
on phto-z determined by using SED fitting method, one needs to
construct the galaxy sample with known spectroscopic redshifts
and multi-band magnitudes. We select galaxies in the photomet-
ric data sample from the Sloan Digital Sky Survey (SDSS) Data
Release 7 (DR7), which include the spectroscopic redshifts and
optical magnitudes (ugriz). Considering the computational time,
11000 galaxies have been randomly selected. Then, we corre-
late the GalaxyEvolutionExplorer (GALEX) Data Release 4
(DR4) source positions with positions from the SDSS DR7 cat-
alogue. The matching radius between SDSS DR7 and GALEX
DR4 is 6
′′
. Finally, the final photometric data sample catalogue in-
cludes 4278 galaxies with all FUV , NUV and ugriz magnitudes.
We also investigate the effect of binary interactions on the
stellar population properties of ETGs. The ETG sample is selected
from Fukugita et al. (2007), which provides a catalogue of morpho-
logical classified galaxies and consists 2253 galaxies with r band
Petrosian magnitude brighter than 16 mag. Among these sample,
323 galaxies belong to ETGs (with T = 0). Removing the objects
mismatched with SDSS DR7 and GALEX DR4, 120 ETGs with
both photometrical (FUV , NUV and ugriz magnitudes) and spec-
troscopic information are left. For these 120 galaxies, the FUV and
NUV magnitudes are obtained fromGALEX DR4, and the ugriz
magnitudes and spectra are selected from SDSS DR7.
3 THE METHODS AND MODELS
3.1 The methods
3.1.1 SED fitting method
In our work, the photo-z is obtained by the HyperZ code of Bol-
zonella et al. (2000), which is the first publicly available phto-z
code and has been widely used for photo-z estimations of galax-
ies (Maraston et al. 2010; Abdalla et al. 2011). HyperZ uses a
template-fitting algorithm and adopts a standard χ2 minimization
procedure:
χ2 =
Nfilter∑
i=1
[
Fobs,i − bFtemp,i(z)
σi
]2
, (1)
where Fobs,i, Ftmp,i, and σi are the observed and template fluxes
and their uncertainty in filter i, respectively, and b is a normalization
constant.
HyperZ is based on the standard SED fitting technique and the
detection of strong spectral features, such as the 4000A˚ break, the
Balmer break, the Lyman decrement or strong emission lines.
The inputs for HyperZ are the filter set and the photometric
catalogue of galaxies, which includes magnitudes and photomet-
ric errors through the filters specified in the filter set. For a given
galaxy catalogue, several relevant parameters in the photo-z calcu-
lation procedure are included.
(i) The set of template spectra, which includes the type of star
formation rate (SFR), the possible link between the age and metal-
licity of the stellar populations, and the choice of an initial mass
function (IMF). The template spectral library will be presented in
Section 3.2.2.
(ii) HyperZ presents five forms of reddening law, and the red-
dening raw of Calzetti et al. (2000) is used in this work. The AV is
allowed to vary from 0.0 to 1.2 in steps of 0.2, which corresponding
to E(B − V ) varying from 0.0 to 0.30 according to the reddening
law (RV = 4.05) of Calzetti et al. (2000).
(iii) The flux decrements in Lyman forest are computed ac-
cording to Giallongo & Cristiani (1990) and Madau (1995).
(iv) The filter involved in this study include the GALEX
and the SDSS standard filter system FUV , NUV , and ugriz.
And the limiting magnitudes in each filters are set to
29.0, 29.0, 29.0, 30.0, 30.0, 30.0 and 30.0 mag, respectively.
(v) We adopt a set of standard dark matter model cosmology
parameters (ΩΛ,ΩM,H0) = 0.7, 0.3, 70.0.
The outputs of Hyperz are photo-z, age and spectral type. The
descriptions of photometric data of galaxies are given in Section 2.
The template spectral library is presented in Section 3.2.2.
3.1.2 The spectrum-fitting method
In order to obtain the age, metallicity and star formation his-
tory (SFH) of ETGs, we apply full spectrum-fitting method of
the STARLIGHT code by Cid Fernandes et al. (2005). The
STARLIGHT code is originally used to study the properties of
galaxy, and is achieved by fitting the observed spectrum FO with
a model spectrum FM that mixed by N? SSPs with different ages
and metallicities from the EPS models. The code is carried out with
a simulated annealing plus the Metropolis scheme (Cid Fernandes
et al. 2001), which searches for the minimum
χ2 =
∑
λ
[(FO − FM)ωλ]2, (2)
where ω−1λ is the error on FO. The line-of-sight stellar motions
are modeled by a Gaussian distribution centered at velocity v?
and with dispersion σ?. Furthermore, in this process, we con-
struct a base with N? = 196 stellar populations, encompassing
28 ages between 0.001 and 12.6 Gyr and 7 metallicities: Z =
0.0001, 0.0003, 0.001, 0.004, 0.01, 0.02, and 0.03. These stellar
population models are obtained from the EPS models, which are
given in Section 3.2.1.
The outputs includes several physical properties, such as the
stellar mass, stellar extinction, mean stellar age, mean metallicity
as well as full time-dependent star formation. Following Cid Fer-
nandes et al. (2005), we obtain the light- and mass-weighted mean
stellar ages defined as
〈logt?〉L =
N?∑
j=1
xj logtj , (3)
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and
〈logt?〉M =
N?∑
j=1
µj logtj , (4)
where xj and µj are the population vector (the fraction of light
contributed by certain SSP) and the mass fraction vector (the frac-
tion of stellar mass contributed by each SSP), respectively. The
light- and mass-weighted average metallicity are obtained in the
same way.
The SFHs can provide insight into mechanisms governing the
formation and evolution of galaxies. To obtain the SFHs of the
ETGs sample, we use the STARLIGHT code with EPS models to
fit the observed spectra and select the best population mixture. The
SFR as a function of time can be used to characterize the SFH of
galaxy. The STARLIGHT code dose not provide immediately the
SFR after fitting, but it gives the optimal weights of the different
stellar population components. Just as the approach described by
Asari et al. (2007) and Koleva et al. (2009), we use the smoothed
strategy to derive the smoothed SFR.
Following Asari et al. (2007), we can obtain the smoothed
SFR as,
SFR(t?) ≈ ∆M
c
?(t?)
∆t?
=
Mc? log e
t?
µj(t?)
∆ log t?
(5)
where Mc? is the total mass processed into stars throughout the
galaxy history until t? = 0, and µj is the fraction of Mc? .
The time-dependent specific SFR (SSFR) is defined as:
SSFR(t?) =
1
Mc?
dMc?(t?)
dt?
≈ log e
t?
µcs(t?)
∆ log t?
. (6)
This is a better quantity to describe the SFH for galaxies with dif-
ferent total masses. The smoothed SSFR in each time box can be
constructed as µj divided by the length of the time box, which is
used to describe the SFHs for ETGs. And in this work, we take time
grid from log t? = 6.0 to 10.1 in steps of ∆ log t? = 0.1 dex.
3.2 The EPS models and the theoretical template spectral
library
3.2.1 The EPS models
In order to check the effects of binary interactions on parameter de-
terminations of ETGs, we adopt two EPS models: the single stellar
populations (Zhang et al. 2004, SSPs) and the binary stellar pop-
ulations (Zhang et al. 2005, BSPs). These two models present the
SEDs of stellar populations with and without binary interactions at
90 ages and 7 metallicities (Z from 0.0001 to 0.03). The ages vary
from log(ti/yr)= 5.000 to 10.175.
These two EPS models were built based on the Cambridge
stellar evolution tracks (Eggleton 1971, 1972, 1973), BaSeL-2.0
stellar atmosphere models (Lejeune et al. 1997, 1998) and vari-
ous initial distributions of stars. The Cambridge stellar evolution
tracks can be obtained by the rapid single/binary evolution codes
(Hurley et al. 2000, 2002), which is based on the stellar evolution-
ary track by Pols et al. (1998). In the binary evolution code, vari-
ous processes are included, such as mass transfer, mass accretion,
common-envelope evolution, collisions, supernova kicks, tidal evo-
lution, and all angular momentum loss mechanisms.The main input
parameters of the standard models are as follows.
(1) The IMF of the primaries gives the relative number of the pri-
maries in the mass rangeM →M+ dM . The initial primary-mass
M1 is given by
M1 =
0.19X
(1−X)0.75 + 0.032(1−X)0.25 , (7)
whereX is a random variable distributed uniformly in the range [0,
1]. The distribution is chosen from the approximation to the IMF
of Miller & Scalo (1979a) as given by Eggleton et al. (1989)
φ(M)MS79 ∝

M−1.4, 0.10 6M 6 1.00,
M−2.5, 1.00 6M 6 10.0,
M−3.3, 10.0 6M 6 100.,
(8)
where M is the stellar mass in units of the solar mass M.
(2) The initial secondary-mass distribution, which is assumed to
be correlated with the initial primary-mass distribution, satisfies a
uniform distribution
n(q) = 1.0, 0.0 6 q 6 1.0, (9)
where q = M2/M1.
(3) The distribution of orbital separation (or period) is taken as con-
stant in loga (where a is the separation) for wide binaries and fall
off smoothly at close separations
an(a) =
{
asep(a/a0)
m, a 6 a0
asep, a0 < a < a1
(10)
in which asep ∼ 0.070, a0 = 10R, a1 = 5.75 × 106R
= 0.13pc, and m ∼ 1.2 (Han et al. 1995).
(4) The eccentricity distribution satisfies a uniform form e = X ,
X ∈[0, 1].
Other assumptions and more details are the same as given in
Zhang et al. (2004) for SSP models and Zhang et al. (2005) for
BSP models. In these earlier works, the 2.2-version ofBaSeL low-
resolution library of Lejeune et al. (1997, 1998) has been adopted.
Meanwhile, in the full-spectrum fitting process, we fit the observed
spectra with intermediate resolution. We do some modification for
these two models, instead of using BaSeL library we choose the
high-resolution (∼ 0.1 A˚) BLUERED library of Bertone et al. (2008,
more details can be found in this paper) here,whereas other input
physics remain unchanged.
3.2.2 The teoretical template SED library
The galaxy template used in the SED fitting method should not
only comprise the SEDs of different ages, but also include the SFH
of galaxy. The EPS models provide only the SEDs of stellar pop-
ulations without considering the SFR. Therefore, at a given age
we need to generate the SEDs of galaxies with different SFHs by
means of EPS models. In this work, our theoretical library include
elliptical (E), lenticular (S0), spiral (Sa, to Sd) and irregular (Irr)
types.
In several studies, it has been found that the observational
properties of local field galaxies with different SFHs can be roughly
matched by a population with different SFRs. For example, Kenni-
cutt (1986) used an exponentially declining SFR to describe the
local spirals and their results could match the observations well. In
this work, we built eight types of galaxy: the Burst galaxy with a
delta burst SFR, the Irregular with a constant SFR, six types with
the following exponentially declined SFR with characteristic time
decays,
ψ(t) ∝ exp(−t/τ), (11)
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Figure 1. The left and middle panels show the comparisons between spectroscopic redshift (zspec) and photometric redshift (zphot) for SSP and BSP models,
respectively. The red and black dashed lines are for zphot− zspec)/(1+ zspec)< 0.1 and zphot = zspec, respectively. The right panel gives the comparison
between zphot estimated from BSP and SSP models. The black dashed line is for zphot from BSP = zspec from SSP.
Figure 2. Comparisons between the ages obtained from SSP and BSP models for different spectral type galaxies. The left, middle and right panels are for all
type, early type, and spiral and irregular galaxies, respectively.
where τ and t are the e−folding time scale and the age of popula-
tion, respectively. In which, τ = 1, 2, 3, 5, 15, and 30 Gyr are for
E, S0, Sa to Sd, respectively. Bruzual & Charlot (2003, BC03) soft-
ware package provides the code to construct the galaxy template
with different SFRs. With the stellar population models of SSP and
BSP and the e−folding SFR, the BC03 package has been used to
build the galaxy templates. Z = 0.02 has also been assumed, and
the age range is from 105 yr to 1010.175 yr.
4 EFFECTS OF BINARY INTERACTIONS ON PHOTO-Z
DETERMINATIONS
Binary interactions could change the UV flux significantly. Based
on the SSP and BSP population models, by analyzing the photo-
metric data with the HyperZ, the photo-z, the spectral type (corre-
sponding to the galaxy morphological type) and the age in Gyr can
be obtained. Below we will discuss the effects of binary interac-
tions on these parameter determinations.
For checking the accuracy of the photometric redshift zphot,
we compare zphot with the spectroscopic zspec obtained from
SDSS DR7. Comparisons between SDSS zspec and zphot for the
SSP and BSP model are shown in left and middle panels of Fig.1,
c© 0000 RAS, MNRAS 000, 000–000
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respectively. It can be seen that our zphot obtained with the SSP and
BSP models are in good agreement with zspec. All galaxies satisfy
the relation (zphot − zspec)/(1 + zspec)< 0.1.
We also compare zphot estimates of galaxies between the SSP
and BSP models in the right panel of Fig.1. Here the zphot esti-
mates are approximately the same for both models. This indicates
that binary interactions have negligible effect on the photo-z esti-
mates. Since the young stellar populations can also radiate the UV-
light, which imitate the effect of binary interactions. The changes
induced on the SEDs of populations by the binary interactions are
compensated in most cases by the young stellar populations, and
thus obtain the same photo-z for the SSP and BSP models.
As described above, using the HyperZ code we can also obtain
the spectral types and ages of galaxies. In this Section, we analyse
the influence of binary interactions on the age estimates for differ-
ent spectral type galaxies. The comparisons for age obtained from
the SSP and BSP models for eight type galaxies, early type galax-
ies, and spiral and irregular galaxies are displayed in the left, mid-
dle and right panels in Fig. 2, respectively. It can be found that the
ages of early type galaxies are large, and those of the spiral and
irregular galaxies are small. This is consistence with that the early
type galaxies could be almost composed of old stars, while the spi-
ral and irregular galaxies also have star formation activities. From
Fig. 2, it can be seen that the age estimated by the BSP models are
larger than that determined by the SSP models for early galaxies,
and there is no difference for the case of spiral and irregular galax-
ies. It is because that the existence of younger stellar populations
in spiral and irregular galaxies also have the same effect on UV
spectra, which pollute the effect of binary interactions. Once bi-
nary interactions are neglected in the EPS models, the age of early
type galaxies will be underestimated, by contrast, the effects on the
age estimation can be negligible for other type galaxies.
5 EFFECTS OF BINARY INTERACTIONS ON
PARAMETER ESTIMATES FOR ETGS
STARLIGHT is for fitting the full spectrum with the EPS mod-
els to derive physical properties of stellar population systems. For
checking the reliability and robustness of STARLIGHT, Cid Fer-
nandes et al. (2005) have analysed the spectra of mock galaxies
whose stellar populations were already known, their results have
good agreement with the known components (for details see Cid
Fernandes et al. 2005). By using the STARLIGHT code to fit the
SDSS spectra of ETG sample selected from Fukugita et al. (2007),
one can obtain (i) the average stellar population age, (ii) the av-
erage stellar metallicity, (iii) the fraction of mass contribution for
each stellar population, (iv) the velocity dispersion and (v) the ex-
tinction. To investigate the effects of binary interactions, two EPS
models (SSP and BSP models) have been used to fit the observed
spectra of ETGs.
5.1 The effects on estimates of average age and metallicity
The mean age and metallicity can be used to characterize the stel-
lar population mixture of a galaxy. STARLIGHT presents both the
light- and mass-weighted mean metallicity and age. In this section,
we adopt the first light-weighted mean age, for it has direct rela-
tion with the observed spectrum. We show the clear comparisons
for age and metallicity estimates between two models in Fig. 3.
Fig. 3 shows the comparisons of the SSP- and BSP-fitted pa-
rameters for the ETG sample. The left and right panels are for the
mean metallicity and age, respectively. It can be seen that the metal-
licity estimated by the SSP and BSP models are approximately
equal: |ZSSP−ZBSP| < 0.001 for almost all of ETGs. These indi-
cate that the binary interactions have negligible effect on the metal-
licity estimates.
On the other hand, it has been found that the BSP model gives
older mean ages for ETGs obviously than the SSP model. Our re-
sults show that the BSP-fitted ages in∼ 33.3% of 120 ETG sample
are around 0.5− 1.0 Gyr larger than the SSP-fitted ages; ∼ 44.2%
are only 0.1− 0.5 Gyr larger; the rest ∼ 22.5% are approximately
equal. In Fig. 4, we also present the age distribution estimated by
the SSP and BSP models. The left and right panels are for the BSP
and SSP models, respectively. From these distributions, one can
see that the age estimates are centered at about 9.0 Gyr and 8.0 Gyr
for the BSP and SSP models, respectively. The mean ages for the
ETG sample are about 8.9 and 8.4 Gyr for the BSP and SSP mod-
els, respectively. Thus, the binary interactions have much effect on
the age estimate. Once we neglect binary interactions in the EPS
models, the age of ETGs will be underestimated.
5.2 The effects on estimates of SFH
SFH can be characterized in terms of fundamental properties of
galaxies, which is described by the SFR evolved with time. In this
work, we use SSFR evolving with time to characterize SFH of ETG
sample. As described in Sec. 3.1.2, the smoothed method has been
adopted (eqs. 5 and 6) to describe the SFH. The smoothed SSFR
in each time box is computed as the mass-weighted vector of the
corresponding stellar population divided by the length of the time
box.
In order to investigate the effects of binary interactions on the
SSFR estimates, we divide the sample into A, B and C three sub-
sample. Fig. 5, 6 and 7 show the SSFR for each galaxy as a func-
tion of evolutionary time for A, B and C sub-sample, respectively.
For each galaxy of the ETG sample, SSFR estimated from the full-
spectrum fitting with the SSP model is indicated by a red solid line,
while SSFR estimated with the BSP model by a gray solid line,
respectively. These figures give direct comparisons of SFH of the
ETG sample reconstructed with the SSP and BSP models. These
allow us to investigate the effects of binary interactions on the SFH
estimation for galaxy.
From these figures, it can be seen that the tendency of SS-
FRs estimated with the SSP and BSP models for each galaxy of
the ETG sample has a good agreement for all ETGs, relative low
SSFR in the late evolution stage and high SSFR in the early epoch.
For all ETGs, the early period is very important for their star for-
mation. Almost all ETGs have already assembled the bulk of their
stellar masses over 5 Gyr ago. This is consistence with that the
ETGs are thought to be almost exclusively composed of old stars.
The difference of SSFR between these two models happens in the
late evolution stage with age6 1.0 Gyr. We divide the ETG sample
into three sub-sample to analyse this difference.
• For the A sub-sample (12 ETGs,∼ 10.0% of ETGs), we show
the comparison of SSFRs between the SSP and BSP models in Fig.
5. For the late evolution stage, all ETGs in the A sub-sample have
low SSFRs for the SSP model and they may have some star forma-
tion in this stage. SSFRs estimated from the BSP model for ETGs
are almost close to zero in the late evolution epoch, and ETGs have
no star formation in this epoch. From this comparison, it can be
found that there is a large difference for the SSFR at late evolution
epoch between the SSP and BSP models for the A sub-sample.
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Figure 3. Comparisons of the SSP- and BSP-fitted paramters for the ETG sample. The left and right panels present the comparison for mean metallicities
and ages, respectively. The red dots illustrate the ETGs, the dashed lines in right panle are for |ZSSP−ZBSP| = 0.001, the dashed line in left panel is for
AgeBSP−AgeSSP = 1.0 Gyr.
Figure 4. The age distributions for all ETGs sample. The left and right panels are present the result for BSP and SSP models, respectively.
• For the B sub-sample (23 ETGs, ∼ 19.2%), we present the
SSFRs estimated from both SSP and BSP models in Fig. 6. All
ETGs have very low SSFRs in the late evolution stage for both
SSP and BSP models. For these ETGs fitted with the BSP and SSP
models, they may have some small star formation at late evolution
epoch.
• For the C sub-sample (85 ETGs, ∼ 70.8%), we give SSFRs
obtained from both SSP and BSP models in Fig. 7. SSFRs are all
almost close to zero for ETGs fitted with two models. For these
ETGs, there is no star formation in the late evolution epoch for
both SSP and BSP models and it has no difference for the SSFR at
this epoch between two models.
From the above anylases, we find that there exists difference
for SSFR estimates between the SSP and BSP models for the A
sub-sample, and it has no difference between the SSP and BSP
models for the B and C sub-samples. For the A sub-sample, some
star formations exist in the late evolution stage for the SSP model,
while there is no star formation in the late evolution stage for ETGs
fitted with the BSP model. The reason is that the binary interactions
can enhance the UV flux, which is similar to the effect of young
stars. Thus the inclusion of binary interactions in the EPS models
lead to a lower SSFR estimate. This also indicate that ETGs in the
A sub-sample may have some UV emission, and such UV emission
can be explained by young stars in the SSP model and through bi-
nary interactions in the BSP model. For the B sub-sample, ETGs
have small star formation in late evolution stage estimated from
both SSP and BSP models. For these ETGs, they may have resid-
ual star formation. For the C sub-sample, all ETGs have no star
formation in late evolution epoch fitted by both SSP and BSP mod-
els. ETGs in the C sub-sample may have neither UV emission nor
star formation in the late evolution stage.
c© 0000 RAS, MNRAS 000, 000–000
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Figure 5. The SSFR fitted with the SSP and BSP models for the A sub-sample. The red and grey lines represent for SSP and BSP models, respectively.
5.3 Dependence on the EPS models
The reliability of the results may depend on the EPS models. The
main ingredients of the EPS models include the stellar evolution
track, the stellar spectral library and the IMF form. Zhang et al.
(2012a) chose the different IMF form of Miller & Scalo (1979b)
and Salpeter (1955) to analyse the influence of IMF on the SFR
estimation in terms of UV luminosity for different type of galax-
ies, and they found that the effect on the UV luminosity caused
by the variation in the IMF forms was smaller than that between
the SSP and BSP models for ETGs. Herna´ndez-Pe´rez & Bruzual
(2014) also used the IMF of Salpeter (1955) and Chabrier (2003) to
compare UV colours of sample galaxies. They found that, although
the Chabrier (2003) IMF model was slightly bluer in Nuv−r than
the Salpeter (1955) IMF model, both models with different IMF
could match with the observed colours of ETGs. All these certify
that the IMF choose has small effect on our above results.
In our previous work (Zhang et al. 2012b), we used three EPS
models to investigate the dependence of parameter determinations
on the adoption of EPS model, and found that the parameter deter-
minations were independence of the EPS models. All this indicates
that our above results are independent of the main ingredients of
EPS models.
6 SUMMARY AND CONCLUSIONS
Applying the HyperZ SED fitting algorithm and the template SED
library built with the SSP and BSP models, we present the photo-
z, age and spectral type estimates for the photometric data sample,
which include 4278 galaxies with all FUV , NUV and ugriz mag-
nitudes and are randomly selected from SDSS DR7. We compare
the SDSS zspec and zphot obtained from the SSP and BSP mod-
els in order to check the accuracy of photometric redshift. From
these comparison, we find that the zphot are in good agreement
with the zspec for SSP and BSP models, and all galaxies have
(zphot − zspec)/(1 + zspec)< 0.1. From the comparison between
SSP and BSP models for the zphot estimations of galaxies, we find
that the binary interactions have negligible effect on the photo-z es-
timations for galaxy sample. We also compare the age estimates be-
tween the SSP and BSP models for different spectral type galaxies.
From these comparisons, we find that the effect of binary interac-
tion on the age estimation is obviously for early type galaxies, and
has no effect for other type galaxies. Once binary interactions are
neglected in the EPS models, the age of early type galaxies will be
underestimated, by contrast, the effects on the age estimation can
be negligible for other type galaxies.
In order to give a detailed analysis for the effects of binary
interactions on the property determinations for ETGs, based on the
STARLIGHT code of Cid Fernandes et al. (2005), we present a de-
tailed stellar population synthesis for the ETG sample selected from
c© 0000 RAS, MNRAS 000, 000–000
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Figure 6. The SSFR fitted with the SSP and BSP models for the B sub-sample. The red and grey lines represent for SSP and BSP models, respectively.
the Fukugita et al. (2007) catalogue. The spectra of these ETGs are
obtained from the SDSS DR7 data and have Petrosian magnitudes
in the r band brighter than 16 mag.
We fit the spectra of ETG sample with the SSP and BSP mod-
els, respectively. From these spectra fitting, we obtain the average
age and metallicity from the SSP and BSP models for each ETG
of the sample. Our results show that the mean metallicity from the
two different models are approximately equal. The comparisons for
mean age show that the BSP-fitted ages in∼ 33.3% of ETG sample
are around 0.5− 1.0 Gyr larger than the SSP-fitted ages; ∼ 44.2%
are only 0.1− 0.5 Gyr larger; the rest ∼ 22.5% are approximately
equal. Our results suggest that binary interactions can possibly play
an important role for age estimation for ETGs. It is necessary to
take binary interactions into account in the EPS models.
We use the smoothed method to derive the smooted SSFR,
and then reconstruct the SFH for each galaxy of the ETG sample
by the smoothed SSFR. For all ETGs, we find that the early evo-
lution stage is a very important period for star formation for both
SSP and BSP models, most of the stars are formed at the early evo-
lution epoch. From the comparison of SSFR estimates between the
SSP and BSP models, we find that the difference of the SSFR be-
tween the SSP and BSP models is large at the late evolution stage
for ETGs. In this paper, we divide the ETG sample into A, B and
C three sub-sample. The results show that there exists difference
for SSFR estimates between the SSP and BSP models for the A
sub-sample, and it has no difference for the B and C sub-samples.
We conclude in the following. (i) For the A subsample (12 ETGs,
∼ 10.0% of ETGs), ETGs may have UV emission. Some star for-
mations exist in the late evolution stage for ETGs fitted with the
SSP model, they has no star formation in the late evolution stage
fitted with the BSP model. The reason is that the binary interac-
tions can enhance the UV flux. (ii) For the B sub-sample (23 ETGs,
∼ 19.2%), ETGs may have some small star formations at the late
evolution stage. The reason is that all ETGs have very low SSFRs
in the late evolution epoch for both SSP and BSP models. (iii) For
the C sub-sample (85 ETGs, ∼ 70.8%), ETGs may have neither
star formation nor UV emission in the late evolution stage. There-
fore the SSFRs are all close to zero in the late evolution estimated
from both SSP and BSP models.
c© 0000 RAS, MNRAS 000, 000–000
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Figure 7. The SSFR fitted with the SSP and BSP models for the C sub-sample. The red and grey lines indicate for SSP and BSP models, respectively.
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